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The article proposes an approach to evaluate human-computer interaction in the collective
decision-making model. It is believed that all team members interact with each other
through a distributed information system. The approach involves considering, when
modelling, the personality characteristics of perception, each member of the team as a set
of cognitive styles. Within the scope of the proposed technique, it is believed that
information flows are interconnected with the processes of collective decision-making,
which makes it possible to model the process of collective decision-making, monitor and
analyse the effectiveness of the collective's activities. Experimental studies accomplished
with statistical data processing were carried out and discussed.

1. Introduction

This paper is an extension of the work originally presented in
Big Data, Knowledge and Control Systems Engineering
(BAKCSE’2019) Conference [1]. The article further develops
aspects of human-machine interaction in a distributed information
environment. Here the emphasis is on collective decision-making
taking into account the cognitive features of perception of team
members.

The relevance of research in this area is due to a number of
reasons, including the processes of globalization of the economic
development of industrial sectors, the creation of a great number
of large-scale, distributed corporations, concerns, holdings, and,
accordingly, the decentralization of management processes
controlled by parent organizations. Information interaction of such
corporations is carried out through distributed information
systems. The distributed information landscape is a genuine
development of computerized, data and interaction technologies.
The challenge of human communication with the distributed
information ecosystem is gaining growing methodical and
pragmatic importance.

A significant problem in the management of large-scale,
distributed organizations are collective decision-making
processes, which require the interaction of many people; this
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inevitably leads to the complication and delay of the decision-
making process, as well as to the possible emergence of
contradictions in the process of solving the problem.

The importance of taking into account the opinion of each
member of the team, the importance of obtaining a coordinated,
balanced solution to complex problems, the importance of
ensuring transparency of the decision-making process in the team
- all of the above emphasizes the relevance of developments in the
field of creating automated tools to support collective decision-
making. The development of mechanisms and techniques that
provide modelling and visualization of collective decision-making
processes will increase the efficiency and effectiveness of
decision-making in a geographically distributed team through the
implementation of modes of human-computer interaction.

When studying the processes of interaction in large-scale
distributed information networks, we can talk about information
flows connecting all users of the information system. As a result
of the advance of information and computer technologies, now
there are opportunities for the development of intelligent modules
that allow to analyse, visualize and improve the efficiency of
interaction processes in a team, including such as collective
decision-making processes.

This article is devoted to the development of methods for
modelling and presenting processes related to collective decision
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making. First, the development of decision theory over time is
discussed. It is then proposed to use a cognitive modelling
methodology to rank team members in the collective decision-
making process. The reflection of the cognitive styles of the
participants in the human-computer interaction with distributed
information system is emphasized in further consideration.
Experimental studies accomplished with statistical data processing
were carried out. The cognitive styles of the collective members
were investigated through an experimental study to be included in
the cognitive map modelling. Finally, the results of the
experiments are discussed.

2. The Basis of Decision Theory

The fundamental basis of decision theory in mathematics,
computer science and economics is the provision of rational human
behaviour and the theory of utility.

The game theory was introduced in 1944 by John von
Neumann and Oskar Morgenstern in their book, entitled “Game
Theory and Economic Behavior”. However, in a number of
researches works, for example in [2], it is shown that human
behaviour is not always rational, and often, on the contrary, is
irrational (from the point of view of gaining a win). As an example,
to demonstrate the features of human behaviour, we can cite the
paradox proposed by [3]. As a result of presenting lotteries to
various groups of people, it was shown that people prefer the
lottery where the risk of losing is excluded or minimal. Whereas
the computer calculates probabilities and acts rationally, i.c.,
maximizes utility (or gain).

A study of the evolutionary development of work in the
expansion of decision support systems as a scientific direction
shows that from the moment Atanasoff and Berry began to develop
the first digital computing device in 1939 (at Iowa State College)
and before the 1980s, the main goal was “to teach the computer to
think like a person”. Since the early 1980s up to the present time,
the central paradigm has been the concept of “artificial
intelligence” [4-10]. According to artificial intelligence
professionals, the effectiveness of intelligent systems is
determined both by formal mathematical schemes based on
mathematical logic and by the knowledge of experts in a specific
subject area, which can be explicated in the process of knowledge
extraction. The analysis of scientific works in the field of
knowledge extraction shows that, despite the significant success
achieved in the advancement of intelligent, information systems,
the key problem of creating any intelligent system is the process of
extracting expert knowledge, as well as original heuristics used by
specific experts to solve problems [11-15].

To date, technologies and methodologies for the design of
knowledge-based intelligent systems have been developed, in
which the sequential passage of the stages of acquiring expert
knowledge is realized:

o the stages of extracting [16] and
e conceptual analysis of expert knowledge [17-21].

However, the actual problem of modelling and visualizing the
collective decision-making process, as well as modelling and
visualizing the information interaction between experts, has not
received sufficient consideration, partly because this problem is
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interdisciplinary, as it is at the intersection of information
technology, mathematics, sociology and psychology.

3. Cognitive Maps for Modelling

The use of models to study an object, phenomenon or process
is a well-established and well-proven research method. By the term
model, in this article, we mean a formal representation of an object,
(process, phenomenon) in some form, intended for the study of this
object. Formal representation of an object (process, phenomenon)
can be:

e  mathematical,
e simulation,
e sign-symbolic.

In the present study, cognitive maps were used as a basis for
the model of making decision in information interaction within a
distributed information system. Using of models based on
cognitive maps made it possible to visualize information processes
of remote (distributed) interaction in a team, including the
processes of creating groups, monitoring remote activities of team
members, etc. For visualization and ranking of team members, it is
proposed to use the methodology of cognitive modelling [11, 22-
27]. According to the methodologys, it is supposed to build a fuzzy
model, visualized as a fuzzy graph (cognitive map), in which the
vertices are team members, and the weighted arcs are information
flows, relationships and social significance (weight, authority,
awareness, experience, etc.) of each member of the team, the
weight of each arc of the graph reflects the strength of the influence
of a particular individual on the process of making a collective
decision.

Information flows between team members, in general, can be
verbal and non-verbal, mediated by the electronic information
environment and not mediated. In this work, only flows mediated
by a distributed information system are investigated. The
considered information flows are subdivided into explicit and
implicit, stable and unstable, as well as formal and informal.

Formally, a cognitive map can be symbolized as a directed sign
graph (F, W), where F is the set of vertices - team members,
W=|wjj| - adjacency matrix. The dynamics of the decision-making
process is presented as a sequential set of situations X(z—1), X(),
X(t+1),..., X(t+n), which are the situation state vectors at
successive discrete times: 1, ¢, t+1, ..., t+n, where ¢ is some
number of such moment in time.

The interactions can be determined by summing all of them,
according to the formula (1):

Xi(t+1D) =X;) + X, Xio, €+ 1D = Xy (O)Wim1 (1)

The use of cognitive maps allows modelling and visualizing
not only the information flows, but also the configuration of the
team in the process of collective decision taking, that is, the use of
cognitive maps allows displaying the dynamic processes occurring
in the team in the process of deciding.

4. Cognitive Styles of the Collective Members in the Model

The need for specific information (information flow) for each
team member is determined by several factors influencing the
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request for information of a team member, namely: knowledge,
skills, job responsibilities, style of activity, and personality
characteristics of perception. By personal characteristics of
perception, we mean the set of cognitive styles inherent in each
member of the group. At the same time, we make it a condition
that we consider in the model only personal characteristics of
perception, since a person's personality traits are not limited to a
set of cognitive styles.

4.1. Cognitive-Style Characteristics

According to several scientists, individual ways of processing
information are largely determined by cognitive styles [28, 29].
Cognitive styles actively participate in the process of choice and
making decisions in work, manage the emotional and behavioural
characteristics of human activity [30]. Scientific works show the
essential part of the cognitive and stylistic aspects of the subject in
the execution of actions that involve self-government and
answerability in during process of making decisions, particularly
in highly uncertain conditions. In parallel, the assignment of
psychological patterns as form-creating (combining, central)
elements in the process of choosing an appropriate option is
highlighted [31]. Of the entire set of cognitive styles given in the
work [32], we will consider only three cognitive styles, namely:
the “field dependence/field independence” style, the “narrow/wide
range of equivalence” style, the “impulsivity/reflectivity”.
Detailed justification and appropriateness of the choice of the
above styles are given in the work [33].

4.2. Identifying the Cognitive-Style Characteristics

As follows, we briefly describe the cognitive styles studied and
present the methods used for the research.

The style “field dependence/field independence” is
traditionally considered as a way of an individual to solve
perceptual problems, and the presence of “the ability to overcome
a complex context” (according to G. Witkin). To diagnose
cognitive-style features, G. Witkin's “Included Figures” technique
was used (evaluation of field dependence - field independence,
individual variant) [34].

The style “narrow/wide range of equivalence” reflects the
predominant orientation of the individual to the features of
similarity or differences of classified objects, their obvious or
hidden features. To diagnose these cognitive-style features, the
method “Free sorting of objects” by R. Gardner and V. Kolga was
used.

The style “impulsivity/reflectivity” characterizes individual
differences in the speed and correctness of decisions made in
situations of uncertainty and the presence of many alternatives. To
diagnose these cognitive-style features, the method “Comparison
of similar drawings” by J. Kagan (assessment of impulsivity -
reflectivity as the cognitive pace of decision-making) was used
[35].

The choice of these particular styles for research is due to the
fact that the team members united in the work on the project must
have a good idea of the general structure of the entire project,
understand the specifics of the work and the distinct (individual)
tasks of other team members within the framework of this project,
and have a proportionate cognitive pace of decision-making, carry
out synthesis and analysis of project tasks.
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In the framework of this study, the relationship between the
cognitive-style characteristics of team members and the
effectiveness of decision-making when working on a common
project was studied.

5. Experimental results

To examine the cognitive-style characteristics of team
members in the model, an experimental study was conducted. The
most important phases of human interaction with the information
system were modelled as the subject was needed to:

e familiarize s/himself with the content of the texts specially
developed for this study,

e analyse the content of the texts,

e classify the content of the texts,

e then answer the proposed questions.

Also, during the study, the above mentioned cognitive-style
characteristics were identified.

For this experiment, several texts from 2 to 8 pages in volume
(250 - 300 words per one page) were prepared specifically.
Throughout the experiment, the subject of investigation has to read
these specifically arranged texts. After reading, the subject of the
investigation was asked to answer questions about the structure of
the text and to give a quantitative calculation of the discovered
options. The volume of the presented material was taken into
account to model the interaction with the information system. Gaze
movements were recorded using specialized SMI equipment
(http://Wwww.smivision.com), which tracks the trajectory of the
subject's gaze.

Several quantitative criteria for assessing the activity of
information interaction have been established [1]. Statistical
methods for data processing were applied together with using
Student's t-test and Mann-Whitney U-test. Spearman's correlation
coefficient was used to assess the relationship between variables.
Student's t-test was used to analyse two independent data samples
to compare the mean of the two populations. Mann-Whitney U-
test determines whether the area of overlapping values between the
two series is small enough.

The research results are shown in the Table. Questions of type
1 were used for the quantitative assessment, and questions of type
2 were questions about the structure of the text.

Note: Indicators for the assessment of the success and
effectiveness of the activity are time for reading of the presented
text (document); the keyword usage rate, i.e., how often the subject
rereads the reference words; time for answering questions;
coefficient of correct answer; coefficient of confidence in decision
making i.e., how long the subject analyses the alternatives.

As an outcome of the analysis of the results obtained, the
following interdependencies were revealed: 1) the more work
experience, the less time during which the subjects look at the text
of the document presented on the computer screen, and the less
time spent on making a decision regarding the choice of an
alternative, 2) on the contrary, the “coefficient of correctness of
answers” is directly proportional to the indicator ‘“work
experience”. That is, subjects with work experience more often
solve problems correctly.
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Table 1: Correlation relationships between performance criteria and characteristics of socio-demographic status.

Indicators Gender Age Education | Experience
Stage 1. Reading text without pivot words
Reading time 0,61 0,54 0,21 -0,72
Answering time of quantitative questions 0,17 0,27 -0,03 -0,41
Correctness of answer to quantitative questions -0,04 -0,41 0,28 0,68
Decision confidence factor 0,43 -0,05 -0,01 0,06
Answering time of questions about text structure 0,35 -0,16 0,31 0,10
Correctness of answer to questions about structure -0,41 0,15 -0,07 -0,37
Coefficient of confidence of answer about text structure 0,05 0,15 -0,37 -0,22
Stage II. Reading text with pivot words
Reading time 0,26 0,37 -0,03 -0,52
Answering time of quantitative questions 0,17 0,22 0,07 -0,52
Correctness of answer to quantitative questions -0,61 -0,44 -0,41 0,41
Decision confidence factor 0,48 0,26 0,04 -0,46
Answering time of questions about text structure -0,43 -0,32 -0,08 0,72
Correctness of answer to questions about structure -0,10 0,20 0,40 0,17
Coefficient of confidence of answer about text structure 0,78 0,68 0,48 -0,68

It should also be noted that statistical data processing not only
made it possible to reveal the relationship between the “coefficient
of correctness of answers” and the availability of work experience
- this fact is quite expected and natural, but it made it possible to
use the cognitive characteristics of the user in developing the
model, making them dependent on the style of decision-making in
the process of collective activity, with the efficiency and
effectiveness of collective decision-making.

6. Conclusion

This article proposes an approach to developing a model of
collective decision-making, which makes it possible to consider
the cognitive features of a user in the process of interacting with a
distributed information system. In the course of the research, it was
revealed that respondents characterized by the breadth of the
equivalence range (i. e. “synthetics”) were the most successful in
dealing with the intended tasks on reading, analysing and
classifying the proposed texts, as compared with the respondents,
style features of which are more inherent in the area of “narrow
range of equivalence” (i.e. “analytics”). The results obtained also
indicate that such a property as “field independence” allows
individuals to cope with tasks more successfully than “field
dependent” research participants.

In the process of modelling, analysis and monitoring of
information flows were carried out to support the processes of
remote group interaction based on a distributed information
system. Information flows are interconnected with collective
decision-making processes, which allow monitoring and analysing
the effectiveness of the team's activities. For this purpose, it is
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possible to use the method of extracting specialized data samples
from information arrays [36], where based on the analysis of the
relationship of information flows; two classes-functions of
collective information interaction were isolated:

e function-tasks - an interconnected sequence of information
flows due to a sequence of actions team members aimed at
solving a specific problem, as a result of which they have their
own aspects and specifics in each case;

e functions-operations - an interconnected sequence of
information flows due to the sequence of actions of team
members, which are formal, standard and universal operations
in the process of information interaction and are not aimed at
solving a specific problem [37].

Based on the monitoring and analysis of the developed model,
systematization, ranking and quantitative assessment of
information flows were conducted.
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